Obstructive sleep apnea (OSA) is a sleep breathing disorder characterized by prolonged partial upper airway obstruction or intermittent complete obstruction that disrupts normal ventilation.
Overnight polysomnography (PSG) in a sleep laboratory is the gold standard diagnostic method for childhood sleep apnea. [5] [6] [7] Adolescence is a period of transition from childhood to adulthood with dynamic physical, developmental, and psychological changes. 8) No specific scoring method is available for PSG-based diagnosis of sleep apnea in adolescents. The American Academy of Sleep Medicine (AASM) published the AASM manual for the evaluation of sleep and associated events in 2007. 6) The 2007 manual recommended that respiratory scoring rules for children applicable for children under 18 years. It also recommended that an individual sleep specialist may prefer adult criteria to score children aged above 13 years. 6) A few studies have reported that apnea-hypopnea index (AHI) is higher in adolescents when using the pediatric rules compared with the adult rules under the 2007 system.
9 ) The revised 2012 AASM scoring manual suggested fewer differences in AHI for adolescents when using adult rather than pediatric rules because of similarities between adult and pediatric hypopnea in the revised scoring manual. 10) Studies evaluating the differences between 2007 and 2012 methods for diagnosis of sleep apnea in adolescents have yet to be published. Therefore, the objective of this study was to evaluate the differences in scoring with overnight PSG using both 2007 and 2012 AASM scoring manuals comparing the efficacy of pediatric and adult scoring rules for the diagnosis of sleep apnea in adolescents.
Subjects and Method
Subjects A total of 106 Korean subjects aged between 13 and 18 years and suspected of sleep disorders were enrolled in this study. For evaluation of sleep apnea, all subjects underwent overnight PSG in a sleep laboratory at Ajou University Hospital from Jan 2011 to Jan 2015. Anthropometric parameters including height and weight were measured in all study subjects at the time of PSG. Body mass index was calculated as kilograms per square meter. Subjects with prior surgical history of upper airway, congenital anomalies of face and upper airway, narcolepsy, and neuropsychiatric disorders were excluded from this study. This study was approved by the Institutional Review Board of Ajou University Hospital (IRB No. AIRB-MED-MDB-15-006). Informed consent was waived because this study was a retrospective study without interventions.
Overnight polysomnography
All participants were examined with an Embla N7000 system (Embla systems, Broomfield, CO, USA) in a sleep labo- 
Statistical analysis
Statistical analyses were performed using SPSS software (ver. 19.0; IBM Corp., Armonk, NY, USA) and MedCalc (ver. 11.2; MedCalc Software, Mariakerke, Belgium). Statistical significance was considered when p value was less than 0.05. Data were expressed as mean and standard deviation for continuous variables or numbers and percentages for frequency variables. Bland-Altman plot, paired t-test, McNemar test, chi-squared test, and kappa statistics were used to characterize each variable accordingly.
Results

Study participants
A total of 106 Korean adolescents (aged 13 to 18) years were enrolled in this study. The characteristics of the participants are summarized in Table 2 . Sleep architecture of participants is shown in Table 3 .
Polysomnography results
Results of overnight PSG according to 2007 and 2012 meth- Table 4 . When AHI was calculated according to both 2007 and 2012 methods, the pediatric scores were significantly (p＜0.001) higher than the adult scores (Table 5 ). There were significantly (p＜0.001) higher scores of pediatric AHI2012 (AHI using 2012 AASM scoring manual) compared with the scores of pediatric AHI2007 (AHI using 2007 AASM scoring manual). Adult AHI2012 was significantly (p＜0.001) higher than adult AHI2007. The difference between pediatric AHI2012 and adult AHI2012 was significantly (p＜ 0.001) less than the difference between pediatric AHI2007 and adult AHI2007 scores (Table 6) . (Fig. 1) . The mean difference between pediatric AHI2007 and adult AHI2007 guidelines was 1.5. The limits of agreement ranged from -1.7 to 4.7 (Fig. 1A) . The mean difference between pediatric AHI2012 and adult AHI2012 was 0.08. The limits of agreement ranged from -0.20 to 0.36 (Fig. 1B) . Table 7 . A total of 75 subjects (70.8%) were diagnosed with sleep apnea according to the pediatric guidelines in 2007 AASM scoring system. A total of 84 (79.2%) were diagnosed with sleep apnea according to pediatric guidelines in the 2012 system. Sixteen subjects (15.1%) were diagnosed with sleep apnea according to adult guidelines in the 2007 scoring recommendations for adult patients, whereas 33 subjects (31.1%) were diagnosed with sleep apnea according to adult rules in the 2012 method.
Discussion
We evaluated the differences in scoring with overnight PSG using both 2007 and 2012 AASM scoring manuals when pediatric and adult scoring guidelines were adopted for adolescents for the diagnosis of sleep apnea. This study showed significant differences among AHIs calculated according to the AASM guidelines (2007 and 2012 for the diagnosis of sleep apnea) in adolescents using overnight PSG. Pediatric AHI2012 was higher than pediatric AHI2007. Adult AHI2012 was also significantly higher than adult AHI2007 in this study. Ba Hammam, et al. 14) reported that AHI2012 was higher than AHI2007 in adults. These differences were mainly attributed to altered hypopnea definition for oxygen desaturation (from ≥3% or ≥4% to ≥3% desaturation from pre-event baseline) in the 2012 recommendations. No study has compared the difference between pediatric AHI2007 and AHI2012. Higher pediatric AHI2012 compared with pediatric AHI2007 in this study might be ascribed to revised hypopnea criteria for peak signal excursion drop (from ≥50% to ≥30%). Even though PSG is the most important diagnostic tool for sleep apnea, there is no scoring method for PSG for diagnosis of sleep apnea specifically in adolescents. Scoring guidelines for adolescents were based on both pediatric and adult rules in the 2007 and 2012 recommendations. A few studies investigating adolescent sleep apnea have reported higher pediatric AHI2007 than adult AHI2007, 9, 15) which is similar to our study results. Our results revealed that the difference between pediatric AHI2012 and adult AHI2012 was much less than the difference between pediatric AHI2007 and adult AHI2007. Bland-Altman plot showed that the mean difference between pediatric AHI2012 and adult AHI2012 decreased from 1.5 to 0.08 compared with the mean difference between pediatric AHI2007 and adult AHI2007. According to the pediatric hypopnea criteria in the 2012 system, the revised definition for peak signal excursions (30% decline compared with pre-event baseline) was similar to the adult hypopnea criteria in 2012 method. This change was probably the key factor that markedly decreased the difference between pediatric and adult AHI2012. Our results support the contention that the 2012 AASM manual resulted in fewer differences in AHI between pediatric and adult recommendations compared with the 2007 recommendations in diagnosing sleep apnea among adolescents. 10) Despite a marked decrease in differences between pediatric and adult AHI scores under the 2012 method compared with earlier method, our results showed that pediatric AHI2012 was still slightly higher than adult AHI2012. However, the difference between pediatric AHI2012 and adult AHI2012 was only 0.08±0.14. We believe that this small difference of AHI between mean pediatric and adult AHIs was not clinically significant in diagnosing sleep apnea in adolescents. Therefore, both pediatric and adult guidelines can be used for the diagnosis of adolescent sleep apnea using the 2012 method without significant limitations compared with the 2007 method.
There is a significant discordance in diagnosis for adolescent sleep apnea between pediatric and adult rules in For the diagnosis of sleep apnea, the commonly used cutoff value of AHI for pediatric patients is ≥f and ≥5 for adult patients. 11, 12) Because of these different cut-off values, the diagnostic discordance among these rules may occur even when pediatric AHI is similar to adult AHI. Although adolescents are physically more similar to adults than children, their growth and development are not fully complete. Sleep problems in adolescence may have a deleterious effect on physical and mental health: behavioral problems, poor academic achievement, and impaired emotional regulation. 16) Because adolescence is a dynamic transition period from childhood to adulthood, adolescents share a few common features with children or adults in sleep-related breathing disorder. In adolescents, obstructive apneas rarely last more than 10 s. Most obstructive events do not terminate in a respiratory arousal as in younger children. 17, 18) Adenotonsillar hypertrophy is an important risk factor in adolescent OSA. However, obesity is a more important risk factor than adenotonsillar hypertrophy in adolescent OSA owing to the increased prevalence of obesity. [19] [20] [21] There is no sexual difference in prevalence of OSA in younger children. However, in adolescents, the prevalence of OSA is higher in boys than in girls as in adults. 22, 23) The respiratory rate of adolescents during sleep is slower than in early childhood. It is similar to the respiratory rate of middle-aged adults, 15, 24) and consistent with our results.
Various features of adolescent sleep apnea complicate the diagnosis of adolescent sleep apnea. There are many studies for children and adult in sleep apnea. However, studies for adolescents are limited. The pathophysiology of adolescent sleep apnea has not been completely established. Currently, there is no specific scoring method for PSG in diagnosing sleep apnea in adolescents. Diagnosis and management of adolescent sleep apnea are difficult and challenging problems. Our results showed that even if pediatric hypopnea rules are revised similar to adult rules in the 2012 recommendations, differences in sleep apnea diagnosis in adolescents are still apparent under pediatric or adult guidelines. The different cut-off values of AHI for diagnosis of sleep apnea using the two scoring guidelines may be the primary factor. Both cut-off values of AHI are clinically significant. However, it is important to determine the cut-off value of AHI that is more reasonable for the diagnosis of sleep apnea in adolescents. Further studies and consensus of study groups are needed.
This study has a few limitations. We evaluated polysomnographic results. However, we did not evaluate other important factors for sleep apnea in adolescents such as developmental aspects, especially Tanner stages. In addition, we studied Korean adolescents in a single center. We did not evaluate the differences in other racial or ethnic populations or countries. The number of female subjects was only 31. Data from female subjects were limited compared with data derived from males.
In conclusion, the differences in AHI scores between pediatric and adults under the 2012 AASM scoring recommendations were substantially lower than in the 2007 AASM scoring guidelines. Both pediatric and adult guidelines in the 2012 manual are appropriate for the diagnosis of adolescent sleep apnea without significant challenges compared with the 2007 recommendations. However, the pediatric guideline is still associated with a higher rate of diagnosis for sleep apnea in adolescents than the adult guideline in 2012 recommendations. Different cut-off values for diagnosing sleep apnea between pediatric and adult systems may contribute to the discrepancy. Further studies are needed to decide the cut-off value that is more reasonable for diagnosis of sleep apnea in adolescents.
